Abstract-This study presents a five alternative systems for the protection of old lined mesqas. The main causes of damages were identified and the hydraulic calculations for mesqas were carried out. The suggested technical alternatives for old lined mesqas were; 1-U-shape reinforced concrete section under the ground level; 2-U-shape reinforced concrete section above the ground level; 3-Reinforced concrete pipe mesqa; 4-Fiber reinforced concrete lined mesqa; and 5-Grouted stone pitched lined mesqa. The design aspects of these five alternatives were analyzed and deliberated. The most promising alternative for protecting old lined mesqas is fiber reinforced concrete lining. Also, the grouted stone pitched lined mesqas economically recommended.
I. INTRODUCTION
The present study was prepared following the results revealed from field investigations and laboratory tests. The study describes four different alternatives to protect the old lined mesqas. Moreover, the proper maintenance techniques for the new lined mesqas are introduced.
A.Hossain and et. al. [1] studied the relationship between cohesion of soil and the factor of safety for slopes under different vertical and horizontal coefficients for a pure homogeneous clay using GEO5 software.
Ashfaque A. Memon and et. al. [2] were investigated the Dadu Canal in Pakistan to be redesigned as an adjacent lined canal which involves design of cross section for various lining options at locations where changes in the hydraulic conditions occur at cross regulators and fall structures.
Filipe Morgado and et. al, [3] were presented the main conclusions of a survey undertaken in Portugal which concluded that in most situations using concrete cast on site, precast concrete slabs and prefabricated membranes (polymer bitumen or synthetic).
II. CAUSES OF LININGS DAMAGE
According to the results obtained in-situ, field investigation and laboratory tests, the main causes of the concrete lining damage in the study area are previously mentioned in progress Evaluation of Tertiary Irrigation Canals' Lining Mutoubes District, Kafr El-Sheikh Governorate, Egypt and can be summarized as follows:
 Unavailability of tertiary drains (farm level) around mesqas except some subsurface drains performed by farmers.  High water levels in secondary and main drains (higher than the designed values).  Very erodible and cohesionless soil texture.  High salinity values of water and soils.  High saline groundwater levels.  Most of reclaimed lands are at higher levels than the irrigation mesqas.  Insufficient thickness of the concrete lining to resist the underlying hydrostatic pressures of the groundwater.  Application of inadequate design and construction methods to the lined mesqas. The new lined mesqas had been damaged due to the abovementioned problems. Therefore, solutions should mainly focus on how to tackle the issues of soil texture in the subgrade layers, the high depth of saline groundwater, and the drainage problems. For this study under investigation, it is recommended to redo a detailed design for the whole drainage system. Secondary and main drains should be dredged and cleaned every two or three months. The pump station at the main drain should operate within the design limits.
The proper technical alternatives suitable for the safe guard of old mesqas and the appropriate maintenance techniques for the new lined mesqas are demonstrated and discussed in the following sections. 
III. HYDRAULIC CALCULATIONS

A. Designing discharge
where, Q is the design discharge (m3/s), n is the Manning roughness coefficient, A is the cross-section area (m2), S is the water surface slope, (cm/km) and R is the hydraulic radius, R=A/P (m), P is the wetted perimeter (m).
 For the best hydraulic section, R= y/2, b= 0.606y, A= 2. 
C. Design constraints
According to field observations, there are two main constraints to the requirements for the hydraulic calculations of the mesqas:
 Mesqa receives its water form a branch canal via a pipe concrete culvert of 50 cm diameter, the mesqa bed level thus should be with the invert level of the feeding pipe culvert; (the feeding pipe has a fixed level that is defined by the irrigation administration).  The feeding pipe culvert has no gate, mesqas thus often operate as a storage canal with a maximum water depth of 0.70-1.0 m. 
IV. SOIL BEARING CAPACITY AND SLOPE STABILITY ANALYSIS
Based on soil investigations and laboratory tests performed by the Soil Mechanics and Foundation laboratory at Faculty of Engineering, Alexandria University, the angle of internal friction varied from 36.1 o to 25.4o and the unit weight of the soil material ranged between 1.71 t/m 3 and 1.08 t/m 3 . The soil bearing capacity was calculated using the equation of Terzaghi [4] and according to ECP (202-2001) . The results are illustrated in Table I .
Considering a factor of safety = 3, the estimated soil bearing capacity (static) ranged from 4.43 to 0.94 kg/cm 2 . The net bearing capacity of soil that equals 1.0 kg/cm 2 is considered through the structural analysis and design.
The slope stability analysis was conducted with the static and dynamic loads for sandy soils, Fig. 1 . For dynamic approach, an earthquake of acceleration of 0.4g was considered. The factor of safety was determined for a slope angle, α of 33.69o, with different angles of shearing resistance, ϕ. The calculated factors of safety ranged from high to medium risk, Table II . Moreover, employing GEO-SLOPE software, the slices approach was applied to check the slope stability. The slope stability analysis was settled using Morgenstern-Price method, Fig. 2-3 and Tables III-IV. The slope stability analysis was performed to the worst case (critical analysis). The results revealed that the factor of safety in case of empty canal is 0.97, and it equals to 1.02 for the case of full canal. The side slope of 3: 2 (H: V) implies a medium risk level. Therefore, the subgrade soil has to be compacted and a 50 cm of backfill soil of gravelsand mixture with a percentage of 2: 1 (gravel: sand) should be laid under the concrete lining. The lining thickness shall resist the hydrostatic pressure of the groundwater; it thus should be accurately determined.
V. PROTECTION OF OLD LINED MESQAS
The most types of lining are:

According to hydraulic calculations and taking into account the associated problems in the study area, the proposed alternatives to replace the old lined mesqas are as follows:
A. U-section under the ground level (1st alternative)
The existing cross-section of mesqa shall be replaced by a U-shape reinforced concrete (RC) section. The U-shape section has a bed width of 1.0 m and a height of 1.25 m, Fig.  4 . The bed level of the section would be at the same level of the lower lip of the feeding pipe from the branch canal. The bed slope of the proposed section is 20 cm/km. The mesqa has RC walls at the entrance and the outlet, the boundary of the U-section shall be provided with control sluice gates. The U-shape reinforced concrete section is designed according to ECP (203-2001) , and the structural and design calculations are shown below: 
5) Design of sections:
Section M (t.m/m') N (t/m')
B. U-section above the ground (2nd alternative)
In this alternative, the U-shape reinforced concrete mesqa is designed to be placed above the ground level. The existing cross-section of the mesqa should be filled and compacted with a suitable soil. The backfill soil shall be compacted to obtain 95% of the modified proctor test. Fig.  15 . The U-shape section has two RC walls at the entrance and the outlet. The U-shape section has a bed with of 0.50 m and a height of 0.75 m. The considered dimensions are greater than the design ones for easy maintenance and emergency cases. The irrigation water shall be lifted from the branch canal to the proposed mesqa by a pump of 60 l/s discharge. All pumps are to be electric (mobile diesel pumps are to be used in case of emergency). The minimum number of pumps for a mesqa is two. 
1) Design data:
5) Design of sections:
According to the first alternative, all sections have the minimum dimensions. Therefore, the current U-shape is designed as the same as the previous section including the design thickness and reinforcement area. 
C. RC pipe mesqa (3rdalternative)
A reinforced concrete pipe with a diameter of 80 cm was selected according to the Egyptian standard (958-1/2006), Grade 1(20/30), Fcu= 27.6 MPa (mega pascal) as shown in Fig. 16 . The pipe diameter of 80 cm is greater than the design one. The selected diameter is also considered for maintenance. The selected pipe shall be placed at the same level of the feeding pipe from the branch canal. The connection between two pipes is executed through manholes provided with control gates at the entrance and outlet. Inspection chambers should be provided every 100 m along the pipeline system. The existing cross-section of the mesqa should be filled around the RC pipe with a selected backfill soil. The flow through the pipe mesqa is a free flow. The structural analysis was employed to check compliance with Egyptian standards under the considered loads, Fig. 17 The selected section according to the Egyptian standard specification is SAFE For the abovementioned three alternatives, the first and the third alternatives are the most expensive. The second and the third alternatives need agreements and licenses as they propose to change irrigation system. The second alternative needs pumping units to lift the irrigation water.
D. Concrete lined mesqa (4th alternative)
In this alternative, the old mesqa shall be lined by a fiber reinforced concrete, FRC, Fig. 21 . FRC is an ordinary concrete reinforced with fibers with a dosage of 0.9 to 1 kg per a cubic meter of concrete or according to the manufactures' recommendations. It is recommended to isolate all concrete faces under the ground from the pore water according to implementation roles. Natural filter materials of 30 cm thickness composed of gravel and sand, (2 Gravel: 1 Sand) should be placed under the concrete lining. As the study area is characterized by high saline groundwater levels, PVC solid and perforated pipes shall be placed through the canal lining on the canal side slopes at level of 0.75 m from the canal bed to solve the problem of uplift pressure relief. The PVC drain pipes shall be surrounded by natural filter/drainage materials. When the groundwater raises to the level of PVC pipes, it will be collected by the perforated PVC and directed through the solid PVC to the mesqa. Joints (contraction, expansion, and construction) shall be provided with dimensions, and filling materials (sealant, backfilling and water stop) according to (EC WRI-2002) . As irrigation lands and roads in the study area are often above the mesqa, the vertical distance from the top of mesqa to irrigation lands and/or roads shall be pitched with mortar. According to the following data, the proposed lined mesqa was structurally designed, Fig. 22 and 23. Concrete lining for mesqa presents excellent durability, but long-term effectiveness was only 70 percent because of random cracking.
A predicted service life of concrete lining is 40 to 60 years. Ponding tests show an effectiveness seepage reduction of 60 to 90 percent and an estimated long-tern effectiveness of about 70 percent. Concrete lining is initially quite watertight, although concrete does have a measurable permeability.
However, within the first couple of years, concrete starts to develop cracks because of shrinkage during curing and thermal movement (temperature differences). Moreover, concrete often continues to crack over time because of subgrade movement. The proposed FRC lining could minimize the cracks. 
E. Stone Pitched lining of mesqa (5th alternative)
Twenty irrigation water samples were collected form the main canal (Sedi Yusuf), the secondary canals (grouted pitched lining), which administratively managed by the irrigation districts. Samples were also collected from the old and new lined mesqas (plain concrete lining). The chemical investigations for the collected water samples were carried out by the faculty of Agriculture, Alexandria University. The results revealed that there are insignificant tolerances between the properties of water samples that collected from grouted pitched lining or plain concrete lining canals. According to the results of chemical investigations for the collected irrigation water samples from pitched and concrete canal lining, this alternative was proposed. The old mesqa shall be lined by a grouted stone pitching, Fig. 24 . The subgrade soil under the lining shall be compacted to obtain 95% of the modified proctor test. The surface against which the work is to be placed shall be moistened with clean water a little in advance of construction and covered with a layer of cement mortar about 50 mm thick. Stones shall then be firmly set by hand into the mortar, densely packed against adjacent stones and built up to form a stone structure of more or less uniform thickness which shall nowhere be less than the thickness. All the while that stones are being placed, all voids in the structure shall be packed solidly with mortar and stone spalls; however, the surfaces of stones in the exposed faces and edges shall not be covered with mortar. The volume of the mortar should be more than one third (1/3) the volume of the stones. The exposed surfaces and edges of the structure shall be constructed such that they have as large a proportion as practicable composed of stone faces. Weep holes shall be provided as shown in Fig. 24 . A permeable Geo Textile membrane should be laid under the stone pitching. As irrigation lands and roads in the study area are often above the mesqa, the vertical distance from the top of mesqa to irrigation lands and/or roads shall be lined by a 30 cm ungrouted pitching.
This alternative is the most financial wise. Maintenance requirements for this alternative are relatively inexpensive, and Egyptians are familiar with stone pitched lining, and they can easily perform required maintenance.
Stone pitched lining of canals is useful in the following circumstances, provided it is economically feasible) Prevention of erosion, and ii) Where the groundwater level is above the bed of the canal and there is possibility of occurrence of damaging back pressures since this type of lining allows water pressure to be released through the interstices.
VI. CONCLUSIONS AND RECOMMENDATIONS
The mesqas lining works at Mutoubes District in Kafr ElSheikh Governorate were evaluated and the main causes of concrete damages were also identified. Five suitable technical alternatives were presented for the replacement of the old lined mesqas. Financial wise, the grouted stone pitched lining mesqas are strongly recommended.
